The dosimetry of prostate brachytherapy-induced urethral strictures.
There is a paucity of data regarding the incidence of urethral strictures after prostate brachytherapy. In this study, we evaluate multiple clinical, treatment, and dosimetric parameters to identify factors associated with the development of brachytherapy-induced urethral strictures. 425 patients underwent transperineal ultrasound-guided prostate brachytherapy using either (103)Pd or (125)I for clinical T1b/T3a NxM0 (1997, American Joint Committee on Cancer) adenocarcinoma of the prostate gland from April 1995 to October 1999. No patient was lost to follow-up. 221 patients were implanted with (103)Pd and 204 patients with (125)I. The median patient age was 68 years (range 48-81 years). The median follow-up was 35.2 months (range 15-72 months). Follow-up was calculated from the day of implantation. Thirteen patients developed brachytherapy-induced strictures, and all strictures involved the membranous urethra. A control group of 35 patients was rigorously matched to the stricture patients in terms of treatment approach; i.e., choice of isotope, plus or minus radiation therapy, and plus or minus hormonal manipulation. Nine of the 13 stricture patients had detailed Day 0 urethral dosimetry available for review. The apex of the prostate gland and the membranous urethra were defined by CT evaluation. Urethral dosimetry was reported for the prostatic urethra, the apical slice of the prostate gland, and the membranous urethra which was defined as extending 20 mm in length. The 5-year actuarial risk of a urethral stricture was 5.3%, with a median time to development of 26.6 months (range 7.8-44.1 months). Of multiple clinical and treatment parameters evaluated, only the duration of hormonal manipulation (>4 months, p = 0.011) was predictive for the development of a urethral stricture. The radiation dose to the membranous urethra was significantly greater in patients with strictures than those without: 97.6% +/- 20.8% vs. 81.0% +/- 19.8% of prescribed minimum prostate dose, mPD (p = 0.031). The urethral dose 20 mm distal to the prostate apex was 57.6% +/- 23.8% vs. 31.5% +/- 13.9% of mPD for the stricture and control patients, respectively (p = 0.011). In addition, the extent of the 75% mPD and 50% mPD levels beyond the prostatic apex was also significantly greater for stricture patients, 16.6 +/- 5.3 mm vs. 11.9 +/- 4.5 mm (p = 0.010) and 19.0 +/- 3.2 mm vs. 16.0 +/- 3.4 mm (p = 0.021), respectively. Dose to the prostatic urethra was not predictive of stricture, but the magnitude and extent of high-dose regions within the prostate were predictive of stricture. Twelve of the 13 patients who developed urethral strictures were successfully managed by dilatation/transurethral incision. To date, 1 of the 12 patients has required a second dilatation. The remaining patient developed an iatrogenic induced injury and was catheter-dependent for 6 months. After prostate brachytherapy, the actuarial 5-year incidence of urethral strictures is 5.3% with a median time to development of 26.6 months. All strictures involved the membranous urethra and occurred within the first 44 months after brachytherapy. In most cases, membranous urethral strictures are easily managed with dilatation/incision. Factors predicting for the development of a urethral stricture included the magnitude and extent of high-dose regions within the prostate, the mean membranous urethra dose and the dose 20 mm distal to the prostatic apex, the maximum extent along the membranous urethra of certain dose levels, and the duration of hormonal manipulation.